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Crystal growth and transport measurements
Single crystals of Ba(Fe 1−x Co x ) 2 As 2 were grown from a self flux, as described previously(S1), and the Cobalt concentration was determined by microprobe analysis. The crystals have a plate-like morphology, with the c-axis perpendicular to the plane of the plates. The in-plane orientation was determined by x-ray diffraction, and rectilinear bars were cut for transport measurements. Electrical contacts were made using silver epoxy to sputtered gold pads, with typical contact resistances of 1 ∼ 2 Ω. Resistivity measurements were made using a standard 4-point configuration.
Cantilever detwinning device
Single crystals of Ba(Fe 1−x Co x ) 2 As 2 were detwinned in situ using a simple cantilever device. Fig. S1 shows a Photo of a representative crystal held in the device. The beryllium-copper cantilever is fixed at one end, and rests lightly on the side of the crystal, which stands vertically against a supporting edge of the anodized aluminum base. A screw midway along the length of the cantilever enables the downwards force on the crystal to be continuously varied. The deflection of the cantilever can be measured in an optical microscope, allowing a crude estimate of the uni-axial stress. For the example shown in Fig S1 the pressure is approximately 5MPa.The entire (0 0 1) face of the crystal is exposed, leaving access for a range of measurements.
Optical imaging
Optical images were obtained in a cold finger, sample-in-vacuum cryostat. A 0.55 numerical aperture (NA) objective lens outside the cryostat was used for imaging the sample, which was illuminated with broadband, linearly polarized visible ('white') light, with the polarizer aligned approximately 45 degrees to the orthorhombic a/b-axes. The reflected light was analyzed using an almost fully crossed polarizer to maximize the contrast of birefringence between the two twin orientations.
High resolution x-ray diffraction
High-resolution diffraction measurements were used to determine the relative volume fraction of the two twin orientations in the detwinned samples. Measurements were carried out on beamline 4-ID-D at the Advanced Photon Source for a sample with Co concentration x = 0.025.
Data were taken using a focused beam (∼110µm and ∼200µm in the vertical and horizontal directions, respectively) of 20 keV photons in a highly asymmetric reflection geometry. In this geometry the angle of incidence measured from the crystal surface was always kept close to 5 degrees. The use of high energy x-rays guaranteed penetration deep in to the bulk while a near grazing incidence assured illumination of a large area (> 1 mm × 0.3 mm) of the crystal. Since the crystal size was small (∼ 2mm × 2mm) the probed volume is representative of the entire crystal.
Stress dependence measurement
The effect of an in-plane stress on the resistivity was systematically studied both as a function of Co-doping and as a function of the magnitude of the applied stress. Representative results for a sample with 2.5 % Cobalt doping are shown in Fig S2. The resistivity was measured for a configuration in which the current was aligned along the uni-axial stress direction, revealing the b-axis resistivity for temperatures below T s . The magnitude of the applied stress was varied by successively releasing the stress-adjustment screw in the detwinning device by small increments between each measurement. For zero applied stress, two clear features can be seen in the first derivative of the resistivity at 94.5K and 99K which are associated with the SDW and structural transitions respectively. As the stress is progressively increased, the resistivity below the structural transition increases and eventually saturates for a given temperature, indicating that the sample is fully detwinned. The sharp feature associated with the structural transition becomes increasingly broadened as the stress is increased, and the resistivity deviates from its zero-stress value at a temperature well above T S , indicating that the sharp phase transition observed under ambient conditions has been replaced by a cross-over. This behavior is analogous to the case of a ferromagnet cooled through its Curie temperature in a finite external magnetic field, and is indicative of a substantial nematic susceptibility above T S . In contrast, the sharp feature associated with the SDW transition is essentially unaffected by the applied stress.
c-axis resistivity
In addition to the in-plane resistivity measurements described in the main article, we also performed c-axis resistivity measurements in order to obtain a complete determination of the temperature-dependence of all of the terms in the resistivity tensor. These data also demonstrate that there is no significant mixing of the c-axis resistivity in our in-plane measurements.
The temperature dependence of the inter-plane resistivity ρ c was measured for cobalt concentrations from x = 0 to 0.18 using a quasi-Montgomery technique. Representative data are shown in Fig. S3 and Fig. S4 for underdoped and overdoped samples respectively. Single crystals were cut into slabs with approximate dimensions (0.3 -0.6)×(0.3 -0.6)×(0.2 -0.8)mm 3 and large current and voltage pads mounted on the top and the bottom surfaces. The absolute value of the room temperature c-axis resistivity ranged from 0.5 -1.5 mΩcm, with considerable sample-to-sample variation for any given Co concentration. This variation is a consequence of the relatively small inter-plane anisotropy (ρ c /ρ ab < 5), which makes the aspect ratio of the equivalent isotropic crystal slightly too small to accurately extract the c-axis resistivity. (The equivalent isotropic crystal is a hypothetical isotropic crystal which would give the same re-sistances as those measured for the actual anisotropic sample, and is obtained by multiplying the c-axis dimension by the square root of the resistivity anisotropy. The aspect ratio of the isotropic crystal should ideally approach those of a matchstick sample for a good measurement of the c-axis resistivity.) However, even though we cannot completely eliminate the possibility of in-plane resistivity mixing in these c-axis data due to the above mentioned difficulty, the very different temperature dependence of these data already implies that the actual c-axis resistivity has a different temperature dependence to the in-plane component. Specifically, inspection of the normal state resistivity (above T S , T N and T c ), reveals that the c-axis resistivity has a negative temperature gradient at room temperature for all cobalt concentrations. This is in sharp contrast to the in-plane resistivity, which always has a positive temperature gradient at room temperature. Details of the the temperature dependence of the inter-plane resisitivity vary slightly from sample to sample for any given Co concentration (for example, the location of the broad maximum of the resistivity in the normal state shows some variation between samples with the same Co concentration, depending on the relative thickness of the crystal measured), which is again due to the above mentioned difficulty, however the overall trend is clear and is in broad agreement with the recent preprint ref. S2. Significantly, based on our c-axis resistivity data, it is clear that there is not any significant c-axis mixing in the in-plane resistivity measurements described in the main article, since this would result in a different temperature dependence up to room temperature, which is not observed. In addition, measurements of the in-plane resistivity for unstressed crystals (performed before and after the pressure dependent experiments) reveal exactly the same temperature dependence as measurements made for thin, long-bar shape twinned crystals, and indeed are the same as previously published data from several different groups, demonstrating that differences in c-axis mixing due to sample geometry are minimal and do not affect any of the in-plane measurements described in the main article. Figure S1 : Photograph of the device used to detwin single crystals in situ. A representative sample is held sandwiched between a cantilever and a substrate, with a screw in the center of cantilever to adjust the uni-axial pressure. The (0 0 1) surface of the crystal is exposed, enabling transport measurements. 
